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Abstract.—Greater nest predation rates on ground-nesting birds than on off-ground-nesting birds
have long been assumed and used as an explanation for patterns such as greater cryptic and
monomorphic coloration of ground-nesting birds and for area sensitivity and population decline
of many Neotropical migrant species. I use three independent data sets to show that this assump-
tion is not true in forest habitats, where nest predation is instead least on ground-nesting birds.
Larger clutch sizes and longer nestling periods of ground-nesting species in forest habitats are
indirect evidence that ground-nesting species in forest habitats have suffered lower nest preda-
tion over evolutionary time. In contrast, ground-nesting birds seem to suffer greater predation
than off-ground-nesting species in shrub and grassland habitats, but evaluation of predation is
complicated by habitat disturbance in many studies. Nesting mortality in general appears to be
greater in shrub and grassland habitats, and species in these habitats are showing some of the
most consistent long-term population declines. Additional examination of nesting mortality of
coexisting species in various ecological conditions is needed to uncover patterns that may
influence evolution of life-history traits and population demographies.

Nest predation rates vary with attributes of nest sites (Nice 1957; Ricklefs 1969;
Collias and Collias 1984; Martin and Roper 1988; Kulesza 1990; Martin and Li
1992). Consistent differences in predation rates among general types of nest sites
can favor contrasting life-history traits (Lack 1948, 1968; Kulesza 1990; Martin
1992a, 1993; Martin and Li 1992) and can influence demography and rates of
species loss with loss of habitat area (Wilcove 1985; Martin 1988a; Terborgh
1989). Ground-nesting birds have long been assumed to suffer greater nest preda-
tion than off-ground-nesting birds (see, e.g., Kalmbach 1939; Ricklefs 1969; Slags-
vold 1982; Collias and Collias 1984). This dogma is used to explain the greater
cryptic coloration and reduced sexual dichromatism of ground-nesting warbler
(Parulinae) species (Shutler and Weatherhead 1990; Johnson 1991) and the area
sensitivity and population declines of many Neotropical migrant species (Whit-
comb et al. 1981; Wilcove 1985; Robbins et al. 1989a, 19895, Terborgh 1989). Yet
not all patterns conform to those expected if predation is greater on ground nests.
The occurrence of larger clutch sizes of ground-nesting warblers, for example, is
the opposite of the theoretical expectation based on greater predation on ground
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nests (Martin 1988b). Given this inconsistency and the common use of the as-
sumption that nest predation is greater on ground-nesting birds, the assumption
needs critical assessment.

Previous evidence for the assumption that nest predation is greater on ground
nests than on off-ground nests is weak. Some studies using artificial nests have
found greater predation on ground nests than on off-ground nests (e.g., Loiselle
and Hoppes 1983; Wilcove 1985), but some have found the opposite (e.g., Martin
1987; Yahner and Scott 1988; Yahner et al. 1989). Moreover, artificial nests do
not always reflect true differences in nest predation among different nest sites
and heights (Martin 1987). Nest predation was less for real nests that were close
to the ground than for higher nests in some cases (see, e.g., Longcore and Jones
1969; Holcomb 1972; Knapton 1978; Ortego and Hamilton 1978) and was unre-
lated to the height of near-ground nests in other cases (see, e.g., Nolan 1963;
Harmeson 1974; Best 1978; Evans 1978). Ricklefs (1969) is most commonly cited
in support of the assumption that predation is greater on ground nests. However,
he showed that only general nesting failure, not nest predation, was greater for
ground nests. Moreover, his results were biased by particular habitat types: four
of the five ground-nesting species included in his analyses occurred in grasslands
and shrub lands, whereas data for off-ground nesting species were from shrub
lands, grasslands, marshes, and forests. If predation rates differ among habitats,
then unequal pooling across habitats could bias comparisons among vegetation
layers.

Here, I control for habitat type and reexamine nest predation among vegetation
layers using three data sets. Two sets compare coexisting species within forests,
which eliminates any year, habitat, or geographical biases in comparisons: one
is a long-term study in mixed-conifer forest in Arizona and the other is a 1-yr
study in deciduous forest in Arkansas. The third data set is based on a comprehen-
sive literature review.

STUDY AREAS AND METHODS

The study sites in Arizona were snowmelt drainages at 2,300 m elevation on
the Mogollon Rim in Coconino National Forest in Arizona. These sites have a
mixed overstory of ponderosa pine (Pinus ponderosa), white fir (Abies concolor),
Douglas-fir (Pseudotsuga menziesii), white pine (Pinus strobiformis), quaking
aspen (Populus tremuloides), and Gambel oak (Quercus gambellii). The un-
derstory is dominated by big-toothed maple (Acer grandidentatum) but also in-
cludes New Mexican locust (Robinia neomexicana) and saplings of canopy trees
(see Martin 1988a for further details on site characteristics). The drainages are
surrounded by extensive forest, characterized by ponderosa pine with Gambel
oak in the subcanopy and by sparse understory vegetation. Photographs from
automated cameras at artificial nests indicated that red squirrels (Tamiasciurus
hudsonicus) and gray-neck chipmunks (Eutamias cinereicollis) were the primary
nest predators (Martin 1988¢; T. E. Martin, unpublished data). Other nest preda-
tors included long-tailed weasels (Mustela frenata), house wrens (for scientific
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names of birds see App. B) and Steller’s jays (T. E. Martin, personal obser-
vation).

The study sites in Arkansas were in the Ozark National Forest, which is charac-
terized by rolling hills of upland hardwood forest. Dominant tree species are
white oak (Quercus alba), northern red oak (Quercus rubra), black oak (Quercus
velutina), and shagbark hickory (Carya ovata). The forest is extensive, and study
sites were located away from major sources of fragmentation and openings other
than roads. Potential nest predators included black rat snakes (Elaphe obsoleta),
blue jays, eastern fox squirrels (Sciurus niger), and gray squirrels (Sciurus caro-
linensis).

Nest searches were conducted in Arizona from mid-May to late July in 1985
through 1989 and in Arkansas from early April to late July in 1991. Nests were
located primarily by observing adults with nest material or following them to a
nest during the egg-laying or incubation periods. The date and status (presence
of parents, eggs, nestlings) of each nest were recorded every 2-4 d. Except at
hatching or fledging, nests were checked for parental activity from a distance
with binoculars to minimize the possibility of predation risk caused by distur-
bance. When no activity was observed, the nest was approached to verify failure.
Numbers of nest visits and numbers of complete approaches to nests were not
related to nest success or loss for species (Martin and Roper 1988; T. E. Martin,
unpublished data).

Nests that fledged at least one young were considered successful. Observations
of nestlings within 1 d of expected fledging, fledglings near the nest, or parents
feeding new fledglings within 25 m of the nest were taken as evidence of success.
Predation rates are reported on a per-nest basis because of possible biases in
determining causes of partial brood losses and because predation usually causes
loss of the entire brood (Lack 1954; Nice 1957; Ricklefs 1969; Nilsson 1984;
Mgller 1989; T. E. Martin, personal observation). Predation was assumed when
the entire contents of the nest (eggs or nestlings that were too young to fledge)
disappeared. Nests were inspected either by directly checking lower nests or by
using binoculars for higher nests. Percentages of nests that were successful or
lost to predation were calculated according to the Mayfield method (Mayfield
1961, 1975) as modified by Hensler and Nichols (1981). This method calculates
the rate of nest loss per day of exposure to correct for any biases potentially
induced by finding nests after they have been initiated. Exposure-days were cal-
culated as the interval from when the first egg was laid or the day that the nest
was found (if egg laying was already initiated) until fledging or to the day halfway
between the two subsequent visits between which a nest failed. Percentage nest
success was estimated over egg-laying, incubation, and nestling periods. Nest
success and predation were also calculated as the simple percentage of total nests
that were successful or lost to predators. This latter metric was provided for
comparison with literature values because most studies have not provided May-
field estimates.

Estimates of overall nesting success and of nesting failure due to nest predation
or brown-headed cowbird parasitism were obtained from as many studies as could



TABLE 1

NEST Success AND NEST PREDATION RATES ON ARIZONA STUDY SITES

PREDATION
Mayfield
Percentage
PERCENTAGE (No. of
OF SUCCESS Simple Observation
(NO. OF NESTS) Percentage Days)
Ground-nesting species:
Orange-crowned warbler 66.7 (90) 33.3 49.9 (1,273)
Virginia’s warbler 69.2 (26) 30.8 42.0 (424)
Red-faced warbler 60.0 (30) 40.0 48.2 (544)
Dark-eyed junco 69.1 (55) 30.9 53.0 (661)
Mean += SE 66.3 + 2.16 33.8 = 2.16 48.3 £ 2.32
Shrub-nesting species:
MacGillivray’s warbler 50.7 (71) 49.3 61.6 (988)
Hermit thrush 17.4 (138) 82.6 93.0 (1,269)
Green-tailed towhee 39.0 (77) 61.0 78.0 (894)
Mean += SE 35.7 £ 9.75 64.3 + 9.75 77.5 £ 7.85
Subcanopy/canopy-nesting species:
American robin 45.8 (24) 54.2 70.0 (344)
Black-headed grosbeak 76.9 (13) 23.1 25.7 (307)
Yellow-rumped warbler 62.1 (29) 37.9 53.2 (1,047)
Warbling vireo 61.8 (55) 38.2 45.0 (440)
Western tanager 53.8 (26) 46.2 61.1 (387)
Mean + SE 60.1 = S5.16 399 + 5.16 51.0 = 7.56
TABLE 2
NEST Success AND NEST PREDATION RATES ON ARKANSAS STUDY SITES
PREDATION
Mayfield
Percentage
PERCENTAGE (No. of
OF SUCCESS Simple Observation
(NO. OF NESTS) Percentage Days)
Ground-nesting species:
Black-and-white warbler 73.7 (19) 26.3 50.1 (152)
Worm-eating warbler 78.6 (14) 21.4 29.0 (238)
Ovenbird 71.4 (14) 28.6 S1.1(142)
Mean += SE 74.6 = 2.12 25.4 £ 2.12 43.4 = 7.21
Shrub-nesting species:
Hooded warbler 53.0 (66) 47.0 61.9 (817)
Indigo bunting 56.7 (30) 43.3 58.4 377)
Mean = SE 549 = 1.85 452 + 1.85 60.2 = 1.75
Subcanopy/canopy-nesting species:
Red-eyed vireo 51.0 (51) 49.0 64.1 (696)
Acadian flycatcher 61.4 (44) 38.6 46.9 (812)
Wood thrush 60.0 (40) 40.0 57.2 (574)
Yellow-billed cuckoo 61.5 (13) 38.5 56.6 (158)

Mean * SE 58.5 = 2.52 41.5 = 2.52 56.2 = 3.54




